
S-IFIED

Il

SI

1 mrm Services Technical nformatin gencyI
Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, 0H:IO

}•IC RO- Ck A.R 'i

NiC , 7N GOVERNMENT OR OTHER DRAWTNGS, SPECIFICATIONS OR OTHER DATA
I i R ANY PURPOSE OTHER THAN IN CONNECTION WiTH A DEFINITELY RELATED

-;q'ýVE. -EA.•:' PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
NO PESCPN q1 f•*LY, NOR ANY OBLIGATION WHATSOEVER; AND TH•E FACT THAT THE

1OVERND!LE VI MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLU7.D THE
-,AID D.PAWvv, Ii rS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY

01. . OTHERVPISE AS IN AlTY MA•TNER TACENSING THE HOLDER OR ANY OTHER
". RPORATION, OR CONVEYING ANY RIGH•TS OR PERMISSION TO MANUFACTURE,

',• (*• '. NY PATENiFD fNlVEN'ITON THAT MAY IN ANY WAY BE RELATED THERETO.

Ni



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY

PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



N7

HEADQUARTERS *

~RMAST'R DEERC EVELOPM~ENT COMMAND

H-TECHNihCM.; REPORT

.X 7' A.L AGE CHANGES IN YOUNG AMERICAN,ý MALL_

QUAR~TERMASTER RESEA:;7- CE N\/l EIP



HEADQUARTERS QUARTERMASTER RESC.ARCH & DEVELOPMENT COMMAND
OPPIrlct OF THt COMMAND•ING GtNZRAL

NArIOK, MASSACHUS1TTS

31 May 1957

The Quartermaster General
Dzpai-tlnent of the Army
Washington 25, D. C.

Dear Sir:

This report, "Skeletal Age Changes in Young American Males," is
concerned with one of the principal identification methods available
to the Army Graves Registration Service: the successful calculation
of the age at death of an unidentified soidier. There are a number of
bory sites in the body whic> show successive age changes and which can
be used for this calculation. However, the concept of age changes in
the skeleton which was initially developed on anatomical collections
over thirty years ago has bean revitalized recently by a Quartermaster
.Research and Development effort to establish a new and improved system
based on individuals of military age. In response to a request from
the Secretary of the Army, Dr. T. D. Stewart of the Smithsonian Insti-
tution examined some 450 skeletonized and identified U. S. war dead
which were being repatriated from North Korea in "'Oration Glory"
during the fall of 1954. Dtailed recordings, plaster casts and photo-
graphs were obtained which have been analyzed for age changes by bothDr. T. W. McKern, Anthropology. Branch, Environmental Protection Research
Division, and Dr. Stewart.

This report on skeletal ageing was compiled from the results of
the above analysis and will serve ae both a technical source and a
praAical tool for age identification. Also, using specific skeletal
locations that best show progressive age changes, new and improveti
methods of P.g' calculation have been introduced. Tnese new metho•c-
along with the general information contained in this report, will
it possible for thoae individuals who are invoved in idenit.ification
work to arrive at more accurate age estimations.

Sincerely yours,

1 Incl C. G. CALLOWAY
EP-45 Brigacder General, USA

Commanding



Dr. MeKern began work on 6 Ssptember 1955, and after completing his "
analysis of the data and preparing a first draft of the bianuscript,
moved to the R&D Center, Natick, Massachusetts on 15 August 1956;whera
he completed work on the manuscript. 

- ,

The present report represents the results of extensive identifi-
cation research on a thoroughly documented sample of a military popu-
lation and is concerned speclficaliy with the est•imation of chronolog-
ical age from the maturational status of unknown remains. It provides
an efficient training source as well as more reliable standards which
will enable future observers to arrive at more accurate results.

AUSTIN HENSCHEL, Ph.D.
Chief
Environmental Protection Research

Division

Approved:

JAMES C. BRADFORD, Colonel, QMC
Commanding Officer
QM R&D Center Operations

A. STUART HUNTER, Ph.D.
Scientific Director
QJ4 Research & Development Command
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. Foreword

When the United Nations military forces retreated from Nor'n
Korea in 1950 they necessarily left behitd a large number of dead,
buried in military cemeteries or in tempor-Nry graves. .,ring the
following years attempts were made to get permission for the Gravet
Registration Service groups to enter the area and to remove the re-
mains of the American dead. Permission to enter was denied but it
was finally arranged that the Conmnists would disinter the American
remains and exchange them for their own dead which we would return
from South Korea.

It was realised by the Memorial Division, Office of The Quar-
termaster General, that this operation (known as "Operation Glory")
held possibilities for research in the field of identification.
Thus, the initiation of the present research project dates back to
late in the summer of 1953. At that time DL. T. D. Stewart was ap-
proached informally by representatives of the Memorial Division re-
garding the desirability of further research on identification
problems in connection with the recovery of the American war dead in
Korea. Negotiations with the Comnmunists regarding the return of the
American war dead were completed in the summer of 1954. Prior to
this time Dr. Stewart perfected plans for recording information on
the skeletal evidence of ageing and arranged for a leave of absence
from the Smithsonian Tnstitution.

Dr. Stewart arrived in Kokurs, Japan on September 18 and was
stationed with the American Graves Registration Service Group at the
Jono, Jaopn area. This was thob Army Central Identification Labora-
"tory and it was here that the remains of the American war dead from
Korea were being prccessed.

During the following four months, 450 skeletons were thoroughly
investigated according tm the procedures outlined in succeeding chap-
ters. At the end of this period the completed records were shipped
to the Smithsonian Institution in Washington.

In the spring and summer of 1955 Dr. Russell W. Newman, Environ-
mental ?rotection Research Divisior, Quartermaste'. Research and
Development Center, Natick, Massachusetts, worked out an arrangement
whereby Dr. Thomas W. McKern was detailed to Wash~ngton,) D. C. to
work with Dr. Stcwart on the analysis of the data obtained in Japan.
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ABSTRACT

This report of skeletal age changes was compiled from the results

of extensive identification research on a series of 450 skeletal re-

mains of U. S. war dead repatriated from North Korea under "Operation

Glory" during the fall of 1954. The report is divided into eleven

chapters; ten outline the progress of age changes in selected skeletal

segments and one, the eleventh, portrays the tol'al patter.1-Of skeletal

maturation. To further aid the obserner; ea-4h chapter includes com-

plete tabular and detailed photographic evidence of the exact nature

of skeletal age changes for the particular area concerned. Also, new

methods for determining age estimations have been introductod.

The present work can be used as a technical source as well as a

practical tool for the age identification of unknown remains.

viii 
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10 INTRODUCTION

1. Background of 0keletal ageing

The estimation of chronological age from the maturati onal status
of unknown skeletal remains has long been an important problem to the
Quartermaster Corps as well as to the federal and local law enforce-
ment agencies. Formerly the information usud in this work was obtained
mainly from textbooks of anatomy. In these sources unsubstantiated
statements are to be found regarding the ages at which maturational
events occur. The placing of definite dates on such events is in
keeping with the general practice of oversimplifying anatomical descrip-
tions for teaching purposes. Variation was minimized and central tend-
encies became the working standards.

It was not until the 1920s that some of the anthropologically-
minded aratomists began to reexamine skeletal maturation and to restate
the terminal ages with more reference to their variability. Perhaps
the greatest contribution along these lines was made by T. Wingate Todd
and his associates at lestern Reserve University, who had access to a
large and unusually well-documented skeletal collection, Throughout the
present work we 'will have occasion to refer to these studies.

. In spite of the fact that Todd was aware of the role of variation
in mat-rational events, he still tended to fall into ths traditional
anatomical practice of simplification because he felt the need iin
this instance to emphasize general biological principles. For this
reason it was easy for others to abstract Todd's data and thereby in-
crease the simplification. An example of this iL provided by Krogman's
"Guide to the Identification of Human Skeletal Material" prepared for
the FBI in 1939. To take c typical case, Krogman indicates in his fig-
ure 18 that the proximal epiphysis of the humerus unites in males at
19.5-20.5 years, thus implying a variation of only one year for this
feature. An indirect conmment on this statement was made in 1952 by
F. Vandervael of tho University oZ Liege, who 3erved as an identifica-
tion specialist for AGRS in Europe after World War I. According to his
findings on the remains of 225 Pmerican soldiers, the head of the humerus
unites at 21 years or later. Vandarvael indicate.' many other changes in
the terminal dates of maturational events. Also, Singer in 1953 and
Cobb in 1955 denied the utility claimed by Todd for suture closure in
age identification. More and more: therefore, it has become apparent
that better data are needed in this field. Yet, in the absence of better
data, identification specialists have been relying perforce on t.ie stand-
ards at hand.



When the present project got under way in the fall of 1954 at
Kokura, Japan, the anthropologists in the Identification Laboratory
there were estimating age on the basis of standards derived ultimately
from the work of Todd and his aseociates. The identification. records
of these anthropologists thus provide a base line from which to measure
future improvements. Realising this, Dr. Stewart made a comparison of
the estimated and actual ages for the first 200 identified cases of the
sample which he studied.

The results of this comparison showed that although the anthropol-
ogists in Kokura, esing existing standards, gave remarkably good esti-
mates of age, they had a tendency to overestimate the ages-of a large
proportion of unknowns.*

From this analysis of skeletal ageing at the time the present
project began, the authors feel that the main problem confronting them
are the followiPg: 1) to provide a better picture of the range of var-
iation in m.turational events in the American population; and 2) to
provide a better training method to enable future observers to arrive at
more uniform results.

2. Methods of observation

In preparation for the work in Japan Dr. Stewart devised two re-
cording form which were printed on 8 x 10i" Keysort Cards (Q0C Forma
T-90 and T-90a). These cards are reproduced here as figures 1 and 2.
As will bs seen, Card 1 is devoted to eruption of the third molars and
to closure of the cranial sutures; Card 2 is devoted to the union of
certain epiphyses and to joint changes of an arthritic nature. Space
is provided on both cards for explanatory notes, lists of casts and
photographs.

Although the two cards thOm served different purposes, both con-
tain a certain amount of infoimation in common, namely, militar-- number
(really evacuation number), order number (in the series studied , dates
of birth and death, age, race: and state of preservation. Data on age
and race were not obtained, of course, until identification was complete.

The selection of observations and thir arrangement on the cards
i.ere determined partly by space limitations on the =rds and by a knowi-
edge of the maturational status of the military age groups, Since
space on Card 1 did not permit a detailed recording of facial suture
closure and Cobb (1955) had shown that closure here has very little
significance for identification, it uns decided simply to note the

*Since a sirmilar study is to be presented separately and more elabr-
rately, only the main conclusions of Dr. Stewart's analysis are
presenited here.
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sites of closure in the more readily observable sutures of the face.
On the other band, cranial sutures were arranged on the card in such
a vy as to pernmit' orderly observation in full detail.

"Similarly yfor Card 2 certain epiphses had to be selected for
detailed recoraing and others had to be relegated to notes. In the
latter group were p!nead the epipbyses that unite earliest, nwaely,
those of Ah1-0 elbow, hip, and ankle.

Some idea of the work involved in recording the maturatlional
status of a specimen is given by the total number of observations on
the two cards, which amounts to about 60. Usually a good mnr other
observations were added in the form of notes.

E using punch cards it was possible to categorize most observa-
tions on a *cale of 0-5. Zero (no pinch) usually indicates absence of

the feature in question. For
example, in suture closure it

union it meane lack of union.
On the ether hand, 5 (4 and 1
both punched) means inability to
observe the featm-e due to dam-
age to, or loss of, the skeletel
pa.•t. Thus the numbers 1 to 4
were reserved for reporting
stages of maturation of the fea-
ture. In suture closure this
means one-qfiarter, one-half,
three-quarters and complete cl,-
sure; in epiphbseal union it
means beginning, active, recent,
and complete union. The only
exceptions to this scheme are
the following: Preservation
(0 = excellent, 1 = good, 2
fair 3 = poor, 4 - flesh cov-
eredS; third molars (1 - deeply
imbedded, 2 = par-Ly erupted, 3
impactad, 4 = normially erupted,
5 = not present); syrnostosis of
imanubrio-gladiolar Join.t: (0 =
no fusion, 1 = widened Joint, 2
fusion, 3 • not obserrable).

Fig.3 Molding trays used in making
the casts. The tray b', low is par- It wil be noted t!7c, %o
tially open to show hinge in base as space ias provided on t:e - h
wel! as tho cointruction of the cards f•r the pubic symph.sis,
intorlocci,• sides, onv of tho mnot important oreas
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Fig. 4 Preparation of castvs of iý;ai symphimse showing arrangement of
equipmsnt (Mr. Doram).

for age identification. The main reason for this is that Dr. Stewart
felt he could not take the time to make the obsem~ations directl.y from
the bone. Instead, he planned to make plaoter ousts of the sympiyis
for later ctudy. Also,, he planned to make cunts of the sternal end of
the clavicle and one border of the mantubrium partly in support of the
record an~d partly for further study. In this connection and befor'e go-
ing to Japan, Dr. Stewart tested cauting cmunds and design~ed metal
trays suitablc to serve as containers for the molds. Having found that
Acintaj. =oAdIng compoutud (Trada nama: D. P. Maaotie lmpssio- Cre)
made a satisfactor-y qu! h-Itosttirtg =_id., he arranged fo7-r- supplyý to be
sent in advance to Japan. Also, ho =ado certain that adoquate supplisez
of P1A~ter of Paris and dontal astone were available in Japan. A Pat of
rneldlng traiya MFg. 3), made in the shopa of tho U. 5. Natiomal Kuseum,
m'_an 4Ct~zan to th2 .pin.

Ono of tho problc~n of cacting wiNB to workc an two or wre bets of
i::er'o Rt oroa i~tho-at ri'-1.n the b;-no or ndsla ing thm- casts. L


